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(57) ABSTRACT 

A telecommunications system and method for performing a 
handover between the fixed (wireline) network and a mobile 
network during a call placed to or from a dual mode device, 
without any interruption in the voice or data connection. 
Therefore, for calls initiated in the fixed network, once the 
subscriber leaves the coverage area for the fixed mode of the 
dual mode device, the call continues as normal by transfer- 
ring the call to the mobile network. Similarly, for calls 
initiated in the mobile network, once the subscriber moves 
back into the fixed mode coverage area, the call can be 
transferred to the fixed network in order to provide a lower 
rate to the subscriber, without any service interruption. 

16 Claims, 4 Drawing Sheets 
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HANDOVER BETWEEN FIXED AND stand-alone node or integrated with the MSC 14. In either 

MOBILE NETWORKS FOR DUAL MODE event, the BSC 23 and BTS 24 components, as a whole, are 

PHONES generally referred to as a Base Station System (BSS) 25. 

With further reference to E1G. 1, the PLMN Service Area 

BACKGROUND OF THE PRESENT 5 or cellular network 10 includes a Home Location Register 

INVENTION (HLR) 26, which is a database maintaining all subscriber 

information, e.g., user profiles, current location information, 

Field of the Invention International Mobile Subscriber Identity (IMSI) numbers, 

_ . „ and other administrative information. The HLR 26 may be 

The present invention relates generally to telecommuni- co . located ^th a gi ven MSC 14, integrated with the MSC 

cations systems and methods for transferring a call between 10 14 QT alternatively C an service multiple MSCs 14, the latter 

a mobile network and a fixed network, and specifically to 0 £ wn i cn ^ illustrated in FIG. 1. 

performing a handover between the fixed network and a The VLR 16 is a database containing information about 

mobile network during a call placed to or from a dual mode aU of the Mobile Stations 20 currently located within the 

phone, without any interruption in the voice or data con- MSC/VLR area 12. If a MS 20 roams into a new MSC/VLR 

nection. 15 area 12, the VLR 16 connected to that MSC 14 will request 

„ ^. W1 ,, VVIVS _ _ Tr . data about that Mobile Station 20 from the HLR database 26 

BACKGROUND AND OBJECTS OF THE (simultaneously informing the HLR 26 about the current 
PRESENT INVENTION location of the MS 20). Accordingly, if the user of the MS 
Cellular telecommunications is one of the fastest growing 20 then wants t0 make a ^ * c local 16 w* 11 have the 
and most demanding telecommunications applications ever. 20 requisite identification information without having to rein- 
Today it represents a large and continuously increasing Arrogate > the | HLR 26. In the aforedescribed manner, the 
percentage of all new telephone subscriptions around the ^ and HLR databases 16 and 26, respectively, contain 
^ or y vanous subscriber information associated with a given MS 

Cellular networks have evolved into two different net- ^ ss? pTOtoco]s are used throughout the GSM cellular 

works. The European cellular network primarily uses the ne twork to provide the signaling information required to 

Global System for Mobile Communication (GSM) digital establish circuit connections and disconnect circuit 

mobile cellular radio system. In the United States, cellular connections, as well as share database information from one 

networks have been, in the past, primarily analog, but many ent ; ty t0 another. In addition, the signaling information used 

North American cellular networks have begun deploying 30 to connect calls within the Public Switched Telephone 

Signaling System #7 (SS7) to support access of remote Network (PSTN) 29 (fixed or wireline network) is sent 

databases. SS7 relies on Common Channel Signaling, which through the SS7 network. The MSC 14 connects to the SS7 

uses a digital facility, but places the signaling information in network via a Signaling Transfer Point (STP) 28. 

a time slot or channel separate from the voice and data it is Dual mode phoneSj which af6 phones connected 

related to. This allows signaling information to be consoli- 35 to both the ^ network 29 ^ a mobik netW0fk 10 

dated and sent through its own network apart from the voice GSM pcS) or an aQal tem> are currenU bei devd _ 

network. European GSM cellular networks have always d t0 enable a briber t0 haV e only one phone to handle 

relied on SS7 for their signaling requirements. However, both fixed md mobile calK ^ subscriber pays for sub- 

GSM is presently being used in North America, and may be Options to both the fixed network and to the mobile 

the technology of choice for supporting the new Personal ^ network, and has two separate phone numbers, one for each 

Communications System. network. Advantageously, both phone numbers will corre- 

The GSM network is described herein below and is spond to one dual mode phone, which allows the subscriber 

discussed in relation to FIG. 1 of the drawings. With to place and receive calls within the range of the fixed mode 

reference now to FIG. 1 of the drawings, there is illustrated 0 f me cordless dual mode phone using the fixed network 29, 

a GSM Public Land Mobile Network (PLMN), such as 45 a nd to make and receive calls in any other location using the 

cellular network 10, which in turn is composed of a plurality mobile network 10. 

of areas 12, each with a Mobile Services Center (MSC) 14 However, there is no existing method for transferring a 

and an integrated Visitor Location Register (VLR) 16 call between the fixed network 29 and a mobUe network 10 

therein. The MSC/VLR areas 12, in turn, include a plurality during a call Typically, if a call is initiated in the fixed 

of Location Areas (LA) 18, which are defined as that part of 50 environment, and the subscriber leaves the fixed mode 

a given MSC/VLR area 12 in which a mobile station (MS) cove rage area, e.g., the range of the cordless phone con- 

20 may move freely without having to send update location nected to me foed network, the call will be lost. This 

information to the MSC/VLR area 12 that controls the LA requires the subscriber to re-dial the called party, using the 

18. Each Location Area 12 is divided into a number of cells mobile mode of the dual mode phonCj in order t0 continue 

22. Mobile Station (MS) 20 is the physical equipment, e.g., 55 the conversation. Similarly, if a call is initiated in the mobile 

a mobile phone or other portable device, used by mobile ne twork, and the dual mode phone moves into the fixed 

subscribers to communicate with the cellular network 10, mode coverage area for that phone, the call will not be 

each other, and users outside the subscribed network, both transferred to the fixed network, which typically provides 

wireline and wireless. lower rates to subscribers than the mobile network. 

The MSC 14 is in communication with at least one Base 60 It ^ therefore an object of the invention to perform a 
Station Controller (BSC) 23, which, in turn, is in contact handover between the fixed network and a mobile network 
with at least one Base Transceiver Station (BTS) 24. The durmg a call without losing the speech connection, and 
BTS is the physical equipment, illustrated for simplicity as without an interruption in service to the subscriber, 
a radio tower, that provides radio coverage to the geographi- 
cal part of the cell 22 for which it is responsible. It should 65 SUMMARY OF THE INVENTION 
be understood that the BSC 23 may be connected to several The present invention is directed to telecommunications 
base transceiver stations 24, and may be implemented as a systems and methods for performing a handover between the 
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fixed network and a mobile network during a call placed to 300 mobile number to Subscriber A's end office 330 (step 

or from a dual mode device, without any interruption in the 220). Subscriber A's end office 330 then sends a signaling 

voice or data connection. Therefore, for calls initiated in the message to the Mobile Services Center (MSQ 320 serving 

fixed network, once the subscriber leaves the coverage area the Location Area (LA) 310 that Subscriber A 300 is in to 

for the fixed mode of the dual mode device, the call 5 establish a call connection between Subscriber A's end 

continues as normal by transferring the call to the mobile office 330 Md me MSC 320 ( ste P ^ Thereafter, the MSC 

network. Similarly, for calls initiated in the mobile network, 320 d * Uve * ^Jr aUin S numbe 0 r ( fix «* nu ^ be 0 ">> f ° r 

once the subscriber moves back into the fixed mode cover- c P n ^ a / SE1 ™: t0 |^ nb 0 er * S 

age area, the call can be transferred to the fixed network in * ho ™ 305 <*fP *W via a Base Station Systen i (BSS) 315 

order to provide a lower rate to the subscriber, without any 10 * * re< * lve K d b ? ^Handover ApphcaUon 302 witoin the 

service interruption mode phone 305. The Handover Application 302 then 

P determines that the calling number is the fixed number 

BRIEF DESCRIPTION OF THE DRAWINGS associated with the dual mode phone (step 235), and 

~, , , . . , ... ... c instructs the dual mode phone 305 to "answer** the call (step 

The dKdosed mveotion will be described I with reference m A ^ lransfef fro ^ ^ flxe(J fflode rf ^ dua , ^ 

to the accompanying drawings which show important is ^ ^ ^ ^ Qf ^ ^ ^ 3Q5 

sample embodiments of the mvenuon and which are incor- * 245) fc , ben b ^ Handover m 

porated m the specification hereof by reference, wherein: v ' ... ' 

....... ,. . , . „ After the mobile connection is established (step 245), the 

FIG. 1 is a block diagram of a conventional terrestnally- Handovef ^ lication 3Q2 within me dual mode hone 305 

based wireless GSM telecommunications system; disconnects the fink 335 between the dual mode phone 305 

FIG. 2 depicts steps in a sample embodiment of the dual and Subscriber A's end office 330 (step 250). Thus, the call 

mode phone handover process of the present invention; ^ now routed through Subscriber A's end office 330 to be 

FIG. 3 is a block diagram showing the interconnection of handled by the MSC 320. Advantageously, this handover 

the various nodes during a dual mode phone handover process does not produce any interruption in the call, and 

between the fixed network and a mobile network; and 25 allows the call to continue even though Subscriber A 300 has 

FIG. 4 illustrates the implementation of one aspect of the crossed the perimeter of the fixed mode coverage area 308 

handover process of the present invention within the dual and left the fixed mode coverage area 308. The fixed mode 

mode phone itself. coverage area 308 is typically substantially within the loca- 

nCTAIT ™ nccPDiunnKT nr -rue lion area 310 «> vcred b y the MSC 320 - However, it should 

DETAILED DESCRIPTION OF THE b ^ h fa fa d d 308 w u 

PRESENTLY PREFERRED EXEMPLARY 30 ^ ^ ^ ^ ^ ^ £ ^ 

EMBODIMENTS This process resembles a three-way call, in which two of 

The numerous innovative teachings of the present appli- the parties involved are associated with the dual mode phone 

cation will be described with particular reference to the 305. As such, when the Handover Application 302 within the 

presently preferred exemplary embodiment. However, it 35 dual mode phone 305 connects Subscriber A's end office 330 

should be understood that this class of embodiments pro- and the MSC 320, the handling of the call is similar to a 

vides only a few examples of the many advantageous uses three-way call, in which all of the parties are connected 

of the innovative teachings herein. In general, statements simultaneously. Thereafter, the process resembles a call 

made in the specification of the present application do not transfer process, in which calls to or from the fixed network 

necessarily delimit any of the various claimed inventions. ^ 330 are routed through the fixed network 330 to the mobile 

Moreover, some statements may apply to some inventive network 320. The tear-down of the link between Subscriber 

features but not to others. A's end office 330 and the dual mode phone 305 then 

Dual mode phones have two subscriptions associated with follows a typical tear-down of a three-way call, in which the 

them, one in a mobile network and one in the fixed (local) links between each of the parties are disconnected sepa- 

network. As shown in FIG. 2, which will be discussed in 45 rately. In this case, only the link 355 between the dual mode 

connection with FIG. 3, once a call is placed to or from a phone 305 and Subscriber A's end ofl&ce 330 is severed, 

dual mode phone subscriber 300 (hereinafter referred to as Thereafter, the remaining links between Subscriber A 300 

Subscriber A) within the fixed network (step 200), a call and Subscriber B 350 can be disconnected by normal call 

connection between Subscriber A's end office 330 and the termination. 

calling/called party's (hereinafter referred to as Subscriber 50 In alternative embodiments of the present invention, since 
B) end office 340 is initiated (step 205). Thereafter, a voice the billing rate is normally higher in mobile networks than 
connection between Subscriber A 300 and Subscriber B 350 in fixed networks, prior to transferring the call from the fixed 
is established (step 210). network to the mobile network, the subscriber can be 
Once Subscriber A 300 begins to leave the coverage area notified, e.g., with a tone or series of tones on the dual mode 
for the fixed mode 308 of the dual mode phone 305, a ss phone 305, indicating to the subscriber that a handover to the 
Handover Application 302 within the dual mode phone 305 mobile network is about to take place. Therefore, the sub- 
detects that the signal strength is weakening (step 215), and scriber can have the option of returning to the fixed mode 
initiates a new call to the mobile number associated with the coverage area 308 of the dual mode phone 305, continuing 
dual mode phone 305 (step 220). The fixed mode coverage the call using the mobile network, or disconnecting the call, 
area 308 for the dual mode phone 305 varies depending on 60 If the subscriber chooses to return to the fixed mode cov- 
the phone used, but typically only encompasses a very erage area 308, another tone or series of tones can be 
limited area, e.g., less than a quarter of a mile. However, for provided to the subscriber to notify the subscriber that the 
some phones, the fixed mode coverage area 308 consists of dual mode phone 305 has re-entered the fixed mode cover- 
several small isolated areas, such as within several different age area 308. 

office buildings, each in a separate location. 65 In another alternative embodiment, as shown in FIG. 4, 

The handover process begins by the Handover Applica- the dual mode phone 400 can have a "handover" button 410, 

tion 302 sending the digits associated with Subscriber A's which the subscriber presses to manually initiate the han- 
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dover. In this embodiment, the dual mode phone 400 can 
send a signal strength warning tone to the subscriber, indi- 
cating that the subscriber is leaving the fixed mode coverage 
area 308, which would allow the subscriber to either press 
the "handover" button 410 and initiate the call transfer, 
return to the fixed mode coverage area 308, or disconnect the 
call before the subscriber leaves the fixed mode coverage 
area 308. 

It should be noted that the aforedescribed handover pro- 
cess also applies when a call is initiated in the mobile 
network, and the subscriber moves into the fixed mode 
coverage area 308. In this situation, a mobile network to 
fixed network handover can be initiated by the Handover 
Application 302 within the dual mode phone 305. This is 
accomplished by the Handover Application 302 first recog- 
nizing that the fixed mode coverage area 308 has been 
entered, e.g., by comparing the location update information 
received by the Base Station System 315 with stored fixed 
mode location information, and then sending the dialed 
digits associated with the fixed number to the MSC 320 via 



10 



15 



a mobile services center within said mobile network for 
forwarding said call request to said mobile subscription 
number associated with said dual mode device in 
response to said end office establishing a connection 
therewith. 

2. The telecommunications system of claim 1, wherein 
said handover application detects when said given dual 
mode device leaves said fixed mode coverage area by 
monitoring when the signal strength of said given dual mode 
device within said fixed mode coverage area weakens. 

3. The telecommunications system of claim 1, wherein 
said fixed subscription number is sent to said given dual 
mode device in a SETUP message. 

4. The telecommunications system of claim 1, wherein 
said given dual mode device contains a handover button, 
said handover button being used to activate said handover 
application. 

5. The telecommunications system of claim 1, wherein 
said given dual mode device conveys, during said call, at 
least one tone to a subscriber associated with said given dual 



the BSS 315. The process can then continue as stated 20 mode device when tne location of said given dual mode 



hereinbefore, with the end result being that the call is 
transferred to the fixed network and the mobile link 325 
between the dual mode phone 305 and the MSC 320 is 
disconnected. 

As will be recognized by those skilled in the art, the 
innovative concepts described in the present application can 
be modified and varied over a wide range of applications. 
Accordingly, the scope of patented subject matter should not 
be limited to any of the specific exemplary teachings dis- 



25 



30 



35 



40 



For example, it should be noted that the handover process 
disclosed herein is applicable to all mobile networks, 
including, but not limited to, AMPS, and D-AMPS, and is 
not limited to GSM or PCS networks. 

It should also be noted that this application can be applied 
to other dual mode devices, e.g., laptop computers, which 
are connected to both the fixed network and the mobile 
network, and should not be limited to dual mode phones. 

What is claimed is: 

1. A telecommunications system for performing a han- 
dover between a fixed network and a mobile network during 
a call on a given one of a plurality of dual mode devices, said 
telecommunications system comprising: 

a handover application located within said given dual 45 
mode device, said handover application initiating, in 
response to detecting said given dual mode device 
leaving a fixed mode coverage area associated with said 
fixed network, a call request to a mobile subscription 
number associated with said given dual mode device in 50 
said mobile network, said call request including a fixed 
subscription number associated with said given dual 
mode device in said fixed network, said handover 
application subsequently recognizing said fixed sub 



device changes with respect to said fixed mode coverage 
area. 

6. The telecommunications system of claim 1, further 
comprising a base station system attached to said mobile 
services center and being in wireless communication with 
said given dual mode device. 

7. A method for performing a handover within a telecom- 
munications system between a fixed network and a mobile 
network during a call on a given one of a plurality of dual 
mode devices, said method comprising the steps of: 

determining, by a handover application located within 
said given dual mode device, during said call, when 
said given dual mode device leaves a fixed mode 
coverage area associated with said fixed network; 

transmitting a call request to a mobile subscription num- 
ber associated with said given dual mode device in said 
mobile network by means of an end office within said 
fixed network, said call request including a fixed sub- 
scription number; 

forwarding said call request from said end office to a 
mobile services center within said mobile network; 

forwarding, by said mobile services center, said call 
request including said fixed subscription number asso- 
ciated with said dual mode device in said fixed net- 
work; 

recognizing, by said handover application, said fixed 

subscription number; 
establishing a call connection to said mobile services 

center; and 

disconnecting a call link between said given dual mode 
device and said end office. 

8. The method of claim 7, wherein said step of determin- 



ing when said given dual mode device leaves said fixed 

scription number within an incoming call to said dual 55 mode coverage area is performed by said handover appli- 

mode device from said mobile network and instructing cation monitoring when the signal strength of said given 

said dual mode device to answer said incoming call to dual mode device within said fixed mode coverage area 

establish a connection with the mobile network, said weakens. 

handover application further disconnecting an estab- 9. The method of claim 7, wherein said given dual mode 

lished link between said given dual mode device and 60 device contains a handover button, said handover button 

said fixed network after establishment of the connec- being used to begin said step of transmitting said call 

tion with the mobile network; request, 

an end office within said fixed network for establishing a 10. The method of claim 7, wherein said given dual mode 

connection with said mobile network and forwarding device conveys, during said call, at least one tone to a 

said call request to said mobile network in response to 65 subscriber associated with said given dual mode device 

receiving said call request from said handover appli- when the location of said given dual mode device changes 

cation; and with respect to said fixed mode coverage area. 
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11. The method of claim 7, wherein said telecommuni- 
cations system further includes a base station system 
attached to said mobile services center and being in wireless 
communication with said given dual mode device. 

12. The method of claim 7, wherein said step of forward- 
ing by said mobile services center is performed by sending 
said fixed subscription number to said handover application 
within said given dual mode device in a SETUP message. 

13. A telecommunications system for performing a han- 
dover between a fixed network and a mobile network during 
a call on a given one of a plurality of dual mode devices, said 
telecommunications system comprising: 

a handover application located within said given dual 
mode device, said handover application initiating, in 
response to detecting said given dual mode device 
entering a fixed mode coverage area associated with 
said fixed network, a call request to a fixed subscription 
number associated with said given dual mode device in 
said fixed network, said call request including a mobile 
subscription number associated with said given dual 
mode device in said mobile network, said handover 
application subsequently recognizing said mobile sub- 
scription number within an incoming call to said dual 
mode device from said fixed network and instructing 
said dual mode device to answer said incoming call to 
establish a connection with the fixed network, said 
handover application further disconnecting said estab- 
lish link between said given dual mode device and said 
mobile network after establishment of the connection 
with the fixed network; 

a mobile services center within said mobile network for 
establishing a connection with said fixed network and 
forwarding said call request to said fixed network in 
response to receiving said call request from said han- 
dover application; and 

an end office within said fixed network for forwarding 
said call request to said fixed subscription number 
associated with said dual mode device in response to 
said mobile services center establishing connection 
therewith. 



10 



15 



20 
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14. A method for performing a handover within a tele- 
communications system between a fixed network and a 
mobile network during a call on a given one of a plurality of 
dual mode devices, said method comprising the steps of: 

determining, by a handover application located within 
said given dual mode device, during said call, when 
said given dual mode device enters a fixed mode 
coverage area associated with said fixed network; 

transmitting a call request to a fixed subscription number 
associated with said given dual mode device in said 
fixed network by means of a mobile services center 
within said mobile network, the call request including 
a mobile subscription number; 

forwarding said call request from said mobile services 
center to an end office within said fixed network; 

forwarding, by said end office, said call request including 
said mobile subscription number associated with said 
dual mode device in said mobile network; 

recognizing, by said handover application, said mobile 
subscription number; 

establishing a call connection to said end office; and 

disconnecting a call link between said given dual mode 
device and said mobile services center. 

15. The telecommunications system of claim 13, wherein 
said handover application determines when said given dual 
mode device enters said fixed mode coverage area by 
comparing first location information sent from said mobile 
services center with second location information associated 
with said fixed mode coverage area stored within said given 
dual mode device. 

16. The method of claim 14, wherein said step of deter- 
mining when said given dual mode device enters said fixed 
mode coverage area is performed by said handover appli- 
cation comparing first location information transmitted by 
said mobile services center to said given dual mode device 
with second location information associated with said fixed 
mode coverage area stored within said dual mode device. 
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